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ABSTRACT
The predictions of the Standard Model and the minimal supersymmetric standard
model (MSSM) for the electroweak precision parameters are discussed in the light
of the recent precision data. The results from global fits yield lower χ2 values in the
MSSM than in the Standard model. The fits prefer regions in the MSSM parameter
space withM2 ≃ |µ| and allow chargino masses higher than the present exclusion
limits of LEP 1.5.
1. Introduction
The present generation of high precision experiments imposes stringent tests on
the Standard Model and its possible extensions. Besides the impressive achieve-
ments in the determination of the Z boson parameters 1 and the W mass 2, the
most important step has been the confirmation of the top quark at the Tevatron 3
with the mass average value mt = 180± 12 GeV.
The lack of direct signals from “New Physics” makes the high precision ex-
periments also a unique tool in the search for indirect effects: through deviations
of the experimental results from the theoretical predictions of the minimal Stan-
dard Model. We discuss the minimal supersymmetric standard model as a special
example of particular theoretical interest.
2. Electroweak precision observables
The Z boson observables and the W mass are conveniently calculated in terms
of effective couplings at the Z peak and the quantity ∆r in the correlation between
MW,Z and the Fermi constant Gµ. The formal relations are identical for the Standard
Model and the MSSM. For details on the Standard Model calculations see 4, and
for calculations in the MSSM we refer to ref. 5.
Effective Z boson couplings: The effective couplings follow from the set of 1-loop
diagrams without virtual photons, the non-QED or weak corrections. These weak
corrections can conveniently be written in terms of fermion-dependent overall nor-
malizations ρf and effective mixing angles s
2
f in the NC vertices, which contain the
details of the models:
JNCν =
(√
2GµM
2
Z
)1/2
(gfV γν − gfA γνγ5) (1)
1
=
(√
2GµM
2
Zρf
)1/2 (
(If3 − 2Qfs2f)γν − If3 γνγ5
)
.
Asymmetries and mixing angles: The effective mixing angles are of particular in-
terest since they determine the on-resonance asymmetries via the combinations
Af =
2gfV g
f
A
(gfV )
2 + (gfA)
2
. (2)
Measurements of the asymmetries hence are measurements of the ratios
gfV /g
f
A = 1− 2Qfs2f (3)
or the effective mixing angles, respectively.
Z widths: The fermionic partial widths of the Z boson, when expressed in terms of
the effective coupling constants read up to 2nd order in the (light) fermion masses:
Γf = Γ0
(
(gfV )
2 + (gfA)
2(1− 6m
2
f
M2Z
)
)
· (1 +Q2f
3α
4pi
)
+ ∆ΓfQCD
with
Γ0 = N
f
C
√
2GµM
3
Z
12pi
, NfC = 1 (leptons), = 3 (quarks).
The W mass: The correlation between the masses MW ,MZ of the vector bosons
in terms of the Fermi constant Gµ is given by:
Gµ√
2
=
piα
2s2WM
2
W
1
1−∆r (4)
with the higher order quantity ∆r, containing the details of the models.
3. Standard model predictions versus data
In table 1 the Standard Model predictions for Z pole observables and the W
mass are put together. The first error corresponds to the variation of mt in the
observed range (1) and 60 < MH < 1000 GeV. The second error is the hadronic
uncertainty from αs = 0.123 ± 0.006, as measured by QCD observables at the Z
6. The recent combined LEP results 1 on the Z resonance parameters, under the
assumption of lepton universality, are also shown in table 1, together with s2e from
the left-right asymmetry at the SLC 7.
2
Table 1: Precision observables: experimental results (from refs. 1,2,3) and standard
model predictions.
observable exp. (1995) Standard Model prediction
MZ (GeV) 91.1884± 0.0022 input
ΓZ (GeV) 2.4963± 0.0032 2.4976± 0.0077± 0.0033
σhad0 (nb) 41.4882± 0.078 41.457± 0.011± 0.076
Γhad/Γe 20.788± 0.032 20.771± 0.019± 0.038
Γinv (MeV) 499.9± 2.5 501.6± 1.1
Γb/Γhad = Rb 0.2219± 0.0017 0.2155± 0.0004
Γc/Γhad = Rc 0.1540± 0.0074 0.1723± 0.0002
Ab 0.841± 0.053 0.9346± 0.0006
ρℓ 1.0044± 0.0016 1.0050± 0.0023
s2ℓ (LEP) 0.23186± 0.00034 0.2317± 0.0012
s2e(ALR) 0.23049± 0.00050 0.2317± 0.0012
LEP+SLC 0.23143± 0.00028
MW (GeV) 80.26± 0.16 80.36± 0.18
Significant deviations from the Standard Model predictions are observed in the
ratios Rb = Γb/Γhad and Rc = Γc/Γhad. The experimental values, together with
the top mass (1) from the Tevatron, are compatible with the Standard Model at
a confidence level of less than 1% (see 1), enough to claim a deviation from the
Standard Model. The other precision observables are in perfect agreement with the
Standard Model. Note that the experimental value for ρℓ exhibits the presence of
genuine electroweak corrections by nearly 3 standard deviations.
Assuming the validity of the Standard Model a global fit to all electroweak
results from LEP, SLD, pp¯ and νN constrains the parameters mt, αs as follows:
1:
mt = 178± 8+17
−20GeV, αs = 0.123± 0.004± 0.002 (5)
with MH = 300 GeV for the central value. The second error is from the variation
of MH between 60 GeV and 1 TeV. The fit results include the uncertainties of the
Standard Model calculations.
4. The minimal supersymmetric standard model (MSSM):
The MSSM deserves a special discussion as the most predictive framework be-
yond the minimal model. Its structure allows a similarly complete calculation of the
electroweak precision observables as in the standard model in terms of one Higgs
mass (usually taken as MA) and tan β = v2/v1, together with the set of SUSY soft
breaking parameters fixing the chargino/neutralino and scalar fermion sectors. It
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has been known since quite some time 8 that light non-standard Higgs bosons as
well as light stop and charginos predict larger values for the ratio Rb and thus di-
minish the observed difference 5,9,11,12. Complete 1-loop calculations are meanwhile
available for ∆r 10 and for the Z boson observables 5,11,12.
Figure 1 displays the range of predictions for MW in the minimal model and
in the MSSM. Thereby it is assumed that no direct discovery has been at LEP2.
As one can see, precise determinations of MW and mt can become decisive for the
separation between the models.
The range of predictions for ∆r and the Z boson observables in the MSSM is
visualized in Figure 2 (between the solid lines) together with the standard model
predictions (between the dashed lines) and with the present experimental data (dark
area). tan β is thereby varied between 1 and 70, the other parameters are restricted
according to the mass bounds from the direct search for non-standard particles at
LEP I and the Tevatron. From a superficial inspection, one might get the impression
that the MSSM, due to its extended set of parameters, is more flexible to accomodate
also the critical observable Rb. A more detailed analysis shows, however, that those
parameter values yielding a “good” Rb are incompatible with other data points. An
example is given in Figure 3: a light A boson together with a large tan β can cure Rb,
but violates the other hadronic quantities and the effective leptonic mixing angle.
Whereas the hadronic quantities can be repaired (at least partially) by lowering the
value of αs, the mixing angle and A
b
FB remain off for small Higgs masses. Thus,
even in the MSSM it is not possible to simultaneously find agreement with all the
individual precision data.
The main results can be summarized as follows:
• Rc can hardly be moved towards the measured range.
• Rb can come closer to the measured value, in particular for light t˜R and light
charginos.
• αs turns out to be smaller than in the minimal model because of the reasons
explained in the beginning of this section.
• There are strong constraints from the other precision observables which forbid
parameter configurations shifting Rb into the observed 1σ range.
tanβ χ2 Mχ+
1
/Mχ+
2
(GeV) αs mt Mh0 (GeV)
1 14.7 88/93 0.110 175 105
1.2 15.6 83/99 0.112 176 107
1.6 16.8 72/110 0.115 176 114
50 17.3 64/299 0.114 165 50
Table 2: Variables for the best fit results
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Figure 1: The W mass range in the standard model (—–) and the MSSM (- - -).
Bounds correspond to the possible situation that no Higgs bosons and SUSY particles
are found at LEP2.
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Figure 2: Range of precision observables in the standard model (- - -) and in the
MSSM (—), and present experimental data (dark area). The MSSM parameters are
restricted by the mass bounds from direct searches at LEP I and Tevatron, the dotted
lines indicate the bounds to be expected from LEP II.
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Figure 3: Precision observables as function of the pseudoscalar Higgs mass MA for
tan β = 0.7(···), 1.5(· · ·), 8(−·−·−), 20(- - -), 70 (—–). mt = 174 GeV, αs = 0.123.
ml˜ = 800 GeV, mq˜ = 500 GeV, µ = 100 GeV, M2 = 300 GeV.
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For obtaining the optimized SUSY parameter set, therefore, a global fit to all
the electroweak precision data (including the top mass measurements) has to be
performed, as done in refs. 12,13,14. As an example, Figure 4 displays the experimen-
tal data normalized to the best fit results in the SM and MSSM (for tanβ = 1),
with the data from the 1995 summer conferences 13. For the SM, αs identified with
the experimental number, therefore the corresponding result in Figure 6 is centered
at 1. The most relevant conclusions are:
(i) The difference between the experimental and theoretical value of Rb is dimin-
ished by a factor ≃ 1/2,
(ii) the central value for the strong coupling is close to the value obtained from deep
inelastic scattering,
(iii) the other observables are practically unchanged,
(iv) the χ2 of the fit is slightly better than in the minimal model.
χ2/d.o.f = 23.3/12
LEP: Nν
MZ
ΓZ
σhad
Rl
A
FB
l
Rb
R
c
A
FB
b
A
FB
c
Aτ
A
e
Mt
αS
sin2Θ
eff
lept
SLC: sin2Θ
eff
lept(ALR)
χ2/d.o.f = 14.7/10
Data / SM
Data / MSSM
0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1
0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1
Figure 4: Experimental data normalized to the best fit results in the SM and MSSM.
In table 2 we put together the variables for the best fits (minimum χ2) for a few
values of low tan β and for tan β = 50. The mass of the nearly righthanded scalar
top is taken at 48 GeV, the other sfermions and Higgs bosons are heavy. Only for
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the large tanβ scenario, we have also a pair of light Higgs bosons Mh0 ≃MA0 = 50
GeV. The mixing in the scalar top sector is small, but not zero. A non-diagonal t˜
mass matrix is required to make the h0 sufficiently massive.
In the fits, the SUSY mass parameters µ and M2 are varied independently. In
the low tan β regime, the values in table 2 correspond to the situation |µ| ≃ M2.
The charginos in this case do not have large mass splittings. They appear as a
mixture of wino and Higgsino. In all cases, the masses for the charginos are not yet
excluded by the searches at LEP 1.5 15.
5. Conclusions
The experimental data for testing the electroweak theory have achieved an im-
pressive accuracy. The observed deviations of several σ’s in Rb, Rc, ALR reduce the
quality of the Standard Model fits significantly, but the indirect determination of mt
is remarkably stable. Still impressive is the perfect agreement between theory and
experiment for the whole set of the other precision observables. Supersymmetry
can improve the situtation due to an enhancement of Rb by new particles in the
range below 100 GeV, but it is not possible to accomodate Rc. Within the MSSM
analysis, the value for αs is close to the one from deep-inelastic scattering.
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